This study investigates how the order in which various translation memory match-types occur in a target language version of a text may influence translator behavior and cognition. Empirical research designs often attempt to mitigate for possible confounds from order effects, yet explicit recognition of the time-series nature of data collection can yield a better understanding of the influence that translation technologies have on the translation task. Data are drawn from a previous study that investigated technical, temporal, and cognitive effort in a translation memory environment, and here we analyze the time-series data for potential order effects. Findings show that order effects are present in some instances during the sequential progression through the target text, particularly with respect to technical and cognitive effort. Results are also suggestive of a potential first impression effect.
Introduction
Translation technologies regularly figure into the daily work environment of professional translators. Survey data often indicate the prevalence of the adoption of translation memories to support professional translation work (e.g., Christensen & Schjoldager 2015) and, to an extent, language industry stakeholders drive the adoption of these tools in order to reuse previously-translated content (Dunne 2012 (Dunne , 2014 . In addition, research has shown that the introduction of translation memories into the translation process alters the task paradigm (Dragsted 2008; Pym 2011; Mellinger & Shreve 2016) . These alterations to the translation task and the ways in which translation technologies shape their work are often anecdotally described by translators, and scholarship on the topic is now revealing some of the constraints of which translators may themselves already be aware (e.g., Ruokonen & Koskinen 2017) .
Translation process research, in particular, has investigated the ways in which translation memories change the translation task. For instance, cognitive effort-defined by Krings (2001, 179) in the context of post-editing research as "the type and extent of those cognitive processes that must be activated in order to remedy a given deficiency"-has been shown to differ depending on the types of segments with which the translator is presented (O'Brien 2007; Guerberof 2009; Mellinger 2014) . Likewise, the necessity to segment the text and present the translation as a series of sentences or phrases has been shown to affect cognitive segmentation across levels of expertise and difficulty (Dragsted 2005; Dragsted & Hansen 2008) . Other research suggests that the shift in the task environment when using translation memories results in a tendency to over-edit translations stored in the translation memory (Mellinger & Shreve 2016) .
One aspect of the translation process that has yet to receive considerable attention is the order in which tasks are performed during the translation process. In many cases, the goal of translation process research is cross-sectional analysis and comparison; that is to say, comparisons are made between groups of individuals as a way to differentiate translation behavior under various conditions or as the result of specific participant variables. However, these data are necessarily collected over a period of time, and the order in which the tasks are presented might influence a translator's perception of the target text or the TM quality, which could lead to different behavior when editing or translating. For instance, translators may be asked to work with translation memories, requiring editing or revision of stored translations or translation of previously-untranslated source text content. Depending on where in the text these segments are presented, translators may behave differently as a result of more or less editing behavior. In a similar vein, translators may vary in their use of external resources during the translation task. While previous research has shown a variety of usage strategies with respect to using resources during the translation task (e.g., Enríquez 2014), it is unclear whether their use at specific stages in the process impacts future behavior as the translation task unfolds. These possible order effects suggest the value of additional inquiry into the temporal dimension related to the phenomena or constructs being observed.
An explicit perspective recognizing time series data may prove useful when researching translation technologies. As noted above in the case of translation memories, translators often alternate between editing stored translations and translating segments for which there is not a match. The order in which these segments are presented is driven by several factors, including the source text, the level at which the text has been segmented, the availability of previously-stored translations, and the algorithm used to determine how close of a match is available. As such, there is considerable variation with respect to the order in which these decision-making tasks occur when translators use translation memories. The present study aims to examine the impact that this type of variation may have during an experimental task and to then extrapolate on these findings to comment on general non-experimental behavior.
Time series in translation
Previous research has described the temporal progression during the translation process as it applies to reading strategies and gaze progression. These studies are often focused on specific aspects of the reading task and compare several groups; however, these scholars recognize that the task unfolds over a defined time period and that the exhibited behavior may change as the result of external or textual factors. For instance, Shreve et al. (1993: 29) note that translators potentially change reading strategies depending on their intention, be it to understand the text or to translate. In their discussion, the authors note a decrease in reading time per clause as the task progresses-i.e., translators took less time reading per clause when reading in anticipation of translating rather than during the translation process-possibly pointing to a common reading comprehension process across the various groups. Jakobsen & Jensen (2008) draw on eye tracking data and, as part of their results, comment on changes in visual attention between the source and target text occurring about every four seconds in one of their participant groups. In doing so, the authors explicitly recognize these data as having been derived as a time series process. However, they do not examine any subsequent changes in translation behavior.
Translation process research has also relied on time series pause data that occurs during the translation task. For instance, Alves & Vale (2009) describe how prototypical translation units can be observed in relation to the notion of cognitive rhythm and cognitive durability.
1 In their study, Alves & Vale recognize how data are generated as part of a time series and that time intervals may be revealing with respect to cognitive processing as the translation task unfolds. Other research involving eye-tracking data (e.g., Jensen 2011; Jakobsen & Jensen 2008; Hvelplund 2017) recognizes the temporal progression of the translation task, allowing researchers to investigate the distribution of attention or coordination of cognitive resources. Time series data also figure into transla-1. Cognitive rhythm, described by Schilperoord (1996) , is related to this temporal aspect of text production, insofar as it describes an attempt to identify pause patterns as the text production process unfolds. This idea has been applied in translation studies by several scholars (e.g., Jakobsen 2002; Alves 2005; Whyatt, Stachowiak, and Kajzer-Wietrzny 2016) . tion competence and pedagogical research. For example, Angelone (2012 Angelone ( , 2013 draws on time series data as a potential way to improve translator education. Screen recording, as a means of visually recording and representing the translation process as it unfolds, allows for qualitative analysis of a variety of temporal aspects related to the translation task, such as problem-solving and documentation strategies.
Research on translation technologies has also addressed several temporal aspects of the translation task. In his discussion of how technology changes translation, Pym (2011) describes the impact that translation technologies have on the linearity of a text, particularly in the case of translation memories and machine translation. As a result of the textual segmentation imposed by these tools, "[t]he translating mind is thereby invited to work on one segment after the other, checking for terminological and phraseological consistency but not so easily checking, within this environment, for syntagmatic cohesion" (Pym 2011, 3) . Whereas translation without the use of translation technologies may proceed in a more or less linear fashion, with the translator moving from start to finish within the written text, the translation process involving translation technologies is much less linear. Pym argues that the inclusion of technologies that allow translators to consult external resources or to have potential translations presented for evaluation is a disruption in the text's linearity and describes ways in which the writing and translation are altered by the introduction of electronic tools into the process. Killman (2015) also recognizes the potential change in the translation process brought about by introducing translation memory matches and machine-translated segments into the translation task. He describes the challenges inherent to using these tools with respect to context, which may lead to translators accepting suboptimal translation proposals. These comments echo the disruptive nature described by Pym (2011) and also show the potential for a non-linear progression during translation.
Despite the recognition of the temporal progression of the translation task, quantitative research that focuses on the order in which tasks are presented is limited. While the previously-mentioned studies rely on quantitative measures (i.e., reading times or number of pauses), the interpretation of these results with respect to the temporal progression of the task is largely based on qualitative observation or interpretation. Researchers in other disciplines have examined the influence of presentation order on decisions and responses (e.g., Bansback et al. 2014; Bausenhart, Dyjas, & Ulrich 2015) . Meanwhile, Michels & Helson (1954) warns that the appealingly simple solution of employing blocking in the experimental design by alternating presentation order does not eliminate order effects. The statistical analysis employed here does not combine identical tasks into separate categories, as would be typical in an ANOVA, for example. Instead, we align the observations based on pairs, essentially analyzing the data in an event time setting, a technique that is perhaps most associated with financial event studies (Brown & Warner 1985) . Simply by reconceptualizing the data analysis to consider the prior segment, new insights can be gleaned regarding translator behavior.
Specifically, we draw on data from a previously-conducted study (Mellinger 2014) to answer the following research questions related to translators working with translation memory (TM) matches:
1. Do translator behavior and perception of difficulty change when working with a fuzzy match if the segment is directly preceded by an exact match or nomatch that requires translation from scratch? 2. Do translator behavior and perception of difficulty change when working with an exact match based on the type of match that occurs directly before the match? 3. Do translator behavior and perception of difficulty change based on the translator's exhibited editing behavior in the previous segment, regardless of TM match type?
The measures used in the previous study will be summarized below; however, the main goal of the study here is to determine whether there is an effect based on the order in which these segments were presented.
Methods
Prior to discussing the dataset used in this study, we first note several methodological challenges in examining order effects. In many experimental designs, researchers aim to eliminate potential order effects or spillover effects to mitigate for potential confounds (Saldanha & O'Brien 2013, 117) . Randomization and/ or blocking of tasks and participants are often considered best practices since they allow researchers to isolate the phenomenon under investigation and reduce bias (Gile 2016 ). As such, it can be difficult to analyze existing datasets for order effects since, under ideal circumstances, any influence of order on the study itself has been mitigated. However, as described by Michels & Helson (1954) , complete elimination of the order effect in actual practice is impossible. These lingering effects are explicitly investigated in the present study by analyzing the data as aligned pairs based on match type rather than in isolation. Translation process research, which generally involves relatively few participants, can compound the analysis challenge due to high variability among par-ticipants. In this situation the within-group variability can be substantial enough to obscure cross-sectional differences due to low statistical power. The present analysis addresses this challenge in two ways. First, by analyzing pairs of match types that differ across versions of the translation task, the experiment yields multiple replications for each participant. In effect, this reorganization of the raw data increases the number of observations. Second, by employing a mixed effects linear model as one of the analytical tools, the within-subject subject variability can be accounted for using statistical methods, which increases the power of the hypothesis tests. The small sample and inherent variability might still obscure effects that could be found in larger-scale replications of this work, but significant findings in this setting should be encouraging for future research on the topic.
While many researchers randomly allocate participants into treatment and control groups and alternate the order in which stimuli are presented, texts by their very nature lend themselves to an order. The dataset on which we draw employed a Latin square design, which is a common blocking tool to eliminate significant order effects. However, the segmentation and match type triplets described below still provide the opportunity to analyze possible carryover effects. Unless conducting research with more traditional psycholinguistic research protocols of single sentence presentation, researchers present a text in its entirety for the sake of ecological validity. Consequently, texts are presented with multiple sentences or segments in order, allowing the translator to work with the entire paragraph or excerpt.
Participants
In the original study, nine Spanish-English professional translators with four to seven years of experience were enrolled. Participant recruitment and selection was done online using a demographic questionnaire. All of the participants were native English speakers and regularly translated from Spanish into English.
2 Participants were volunteers and were not compensated for their participation in the study.
Procedures
The 400-word source text was drawn from an Argentinian newspaper and was segmented at the sentence level into 21 segments. 3 Mellinger (2014) different target text versions, such that each segment was presented in one of three conditions: (1) an exact match that did not require any revision; (2) a fuzzy match that required revision; and (3) no-match that required translation from scratch. 4 A Latin square design ensured that every segment was translated in each of the three conditions by a different group. In all of the target text versions, the first three segments contained only one of each match type. For example, the first segment of Version A of the target text was an exact match, followed by no match, and then followed by a fuzzy match. Versions B and C had these three match types in a different order, such that none of the versions ever had the same match type being examined in the same segment. The pattern was continued throughout the text so that each match type occurred once in every three segments. This blocking technique varied the type of match for each segment, so that the segments themselves should not have a meaningful effect on the resulting quantitative measures across groups.
5 However, the repeating triplets of match types, as well as the replication of each version by three participants, still allows an examination of any effect due to the presentation order.
The experimental task was completed online using TransCenter (Denkowski & Lavie 2012) . Participants were randomly assigned into one of three groups to translate a general source text from Spanish into English. After each segment, participants were asked to use a 5-point Likert-type scale to rate their perception of difficulty to translate or edit each segment, with a score of 1 representing an incomprehensible segment requiring retranslation and a score of 5 representing a perfect translation that did not require any change. 6 The source text was presented in order with the entire text available to participants at all times. The visual presentation of the text using TransCenter mimics a typical translation memory work environment, in which the segmented source text was presented in a column on the left-hand side of the screen with space for the target text in the right-hand column. Participants were not required to use the proposed translation and were allowed to retranslate if they chose to do so. No time limit was imposed during the translation.
4.
For details regarding how the instrument was created and to access the three versions of the stimulus, see Mellinger (2014) . 5. In statistical parlance, this design does not require segment type to be included as a random effect or co-variate in regression or ANOVA, respectively. 6. The prompt asked participants about the overall difficulty. This phrasing may be akin to asking about effort since the distinction between effort and difficulty may not be readily apparent to participants. However, difficulty is used throughout this manuscript to be consistent with the task instructions.
Measures
The software used to conduct the study, TransCenter, is a keystroke logging software that allows researchers to record all the keystrokes and mouseclicks made by the participants. The software also associates every action of the participant with a timestamp, which allows researchers to examine temporal information related to translator behavior. In this study, time measures related to the total time on task were collected as well as the total amount of time spent in each segment. The latter measure accounts for the time from the moment that the translator leaves the previous segment to the time he or she enters the next segment. This measure accounts for any initial time spent reading the segment, the time to produce or revise the segment (including pauses and keystrokes), as well as any time reviewing the translation prior to moving onto the next segment.
To borrow Krings' (2001) typology of effort, three types of effort can be observed: technical, temporal, and cognitive effort. Technical effort refers to the physical manipulation or action of an individual while temporal effort is related to the time spent on task. Cognitive effort, in contrast, is not directly observable, nor is it an amalgamation of technical and temporal effort; rather, it is a construct that must be indirectly observed or measured. In the case of keystroke logging, researchers have access to the technical and temporal effort exerted by translators. This data collection method has been common in translation process research (e.g., Jakobsen 1999 Jakobsen , 2011 , and the challenges and benefits inherent to using web-based software to conduct process-oriented research have been described by Mellinger (2015) .
In addition to keystrokes, mouseclicks, and temporal data related to total time on task and time per segment, pause data were collected. In the initial study, pauses were operationalized as being a minimum of one-second in length, and this definition is in line with other studies that have used keystroke logging (e.g., Jakobsen 1998; O'Brien 2006 O'Brien , 2007 Lacruz, Shreve, & Angelone 2012) .
7 This threshold also allowed for a measure of cognitive effort to be calculated, namely the average pause ratio (APR), proposed by Lacruz, Shreve, & Angelone (2012) . Rather than using total pause time as a proxy for cognitive effort, this measure takes into account the variable lengths of pauses and potential clusters of pauses 7. This minimum threshold for pause duration is in line with the initial study; however, we recognize that other studies account for variation across participants by using a flexible pause threshold (e.g., Dragsted 2004 ). The present study also accounts for variation, but does so not in a flexible lower boundary threshold, but rather by means of the average pause ratio. This measure incorporates the average pause duration in each segment to be calculated, which will vary naturally as the result of participant behavior. For an extended discussion on pause duration in translation process research, see Kumpulainen (2015) .
that may be more indicative of effort. The APR is the ratio of the average time per pause to the average time per word in the segment. Finally, a numeric rating was collected for each segment as to the perceived difficulty.
Analysis
Statistical analysis was conducted using the R statistical program environment (R Core Team 2016); the estimation of mixed effects models employed the contributed package lme4 (Bates et al. 2015) . For correlational analysis, we follow the recommendation in Mellinger & Hanson (2017) to calculate Kendall's τ given its demonstrated superiority to other nonparametric tests. Likewise, we employ Hedges' g for effect sizes. In some cases, effect sizes were calculated using the Excel spreadsheets and calculators provided online by Mellinger & Hanson (2017) .
Results
The first two research questions address whether editing behavior and perception of difficulty differ due to the match type of the previous segment. Specifically, the first question asked whether the dependent variables would differ for fuzzy match segments, based on whether the previous segment was a new translation or an exact match. Results of this analysis appear in Table 1 in the form of descriptive statistics and associated univariate tests.
The statistics in Table 1 demonstrate that following exact matches participants used on average fewer keystrokes to edit fuzzy match segments. Following a new translation segment, translators used more than two-and-a-half times more keystrokes in editing than following an exact match segment, and Hedges' g for this difference was large, which implies the difference is large enough to be meaningful in addition to its statistical significance (Cohen 1988) . Cognitive effort, as measured by the APR, also declined following exact matches. The differences between number of clicks, total pause time, total segment time, and difficulty rating were not statistically significant, though the effect sizes suggest a meaningful difference for the two time variables, despite their lack of statistical significance. Furthermore, in all cases the averages differed in a direction to imply less effort for the fuzzy matches following exact match segments. In particular, fuzzy match segments that followed exact matches received a higher quality rating on average.
The second research question explored whether behavior and perception of difficulty would differ for exact matches, based on whether the previous segment was a new translation or a fuzzy match segment. Table 2 presents the results of this analysis. None of the measured variables differ at a statistically significant level, though in every case with the exception of number of clicks, the averages point toward more effort following fuzzy matches than new translations. While these non-significant results should not be over-interpreted, they do suggest that exact matches are more likely to be scrutinized and edited following a fuzzy match segment. These results suggest value in further research dedicated to this phenomenon. The third research question-i.e., do translator behavior and perception of difficulty changes based on the translator's exhibited editing behavior in the previous segment regardless of TM match type-disregards the previous segment's match type in favor of the translator's behavior. Ignoring all segments that required new translations, we examined the subset consisting of all fuzzy-followed-by-exact and exact-followed-by-fuzzy pairs and divided them into two samples, depending on whether any editing keystrokes were recorded in the first segment. A mixed linear model was then employed to examine whether the dependent variables differed in the second segment. Participant and segment number were both included as random effects, and the prior match type was included as a fixed effect. A chi-squared test compared this reduced model to a full model that included previous editing behavior.
The difference between the two models was statistically significant at the 10% level for only APR (p = .052) and total segment time (p = .073). In the former case, if the prior segment was edited, the following segment had a smaller APR, indicat- ing more cognitive effort. In the latter case, total segment time increased following an edited segment. The model was not statistically significant for keystrokes (p = .596), clicks (p = .514), total pause time (p = .293), nor rating (p = .190).
In none of the results were the participants' ratings affected by prior segment type or editing behavior regarding the prior segment at a statistically significant level. These results raise the question of what factors do influence quality ratings. Full analysis of this topic would require a dedicated future study, but preliminary correlation analysis presented in Table 3 reveals a strong association between rating and measures of technical and cognitive effort but a weak association between rating and pause time or total segment time. That is to say, increased keystrokes, clicks, or cognitive effort are all associated with lower quality ratings assigned to the suggested matches. The association also holds true in a regression analysis that includes all of the measurements as independent variables and a random effect due to participant (F[12, 176] = 7.488, p < .001, Adj. R 2 = .293). Full results are omitted because they are tangential to the primary research questions of this project, but keystrokes (p = .050), clicks (p = .091), and APR (p = .043) are all statistically significant at the 10% level.
Another topic that is a strong candidate for further research is the question of a first impression effect. That is to say, do translators differ in their editing behavior or perception of translation quality based on the quality of the first segment (or the first few segments) presented? The experiment in this study was not designed to test this question directly. However, we can see some preliminary evidence that a first impression effect might exist. For the three participants whose first segment was a fuzzy match, the overall rating for the 21 segments was lowest (F[2, 115.4] = 5.07, p = .008, ω 2 = .041) and the number of keystrokes was highest by a wide margin (F[2, 117.7] = 4.01, p = .021, ω 2 = .031). Descriptive statistics for these two variables for the three groups appear in Table 4 . The APR was the lowest for the group that began with a fuzzy match segment, though not at a statistically significant level (p = .931), while number of clicks (p = .181), total pause time (p = .792), and total segment time (p = .844) also did not differ to a statistically significant extent.
Discussion
The results for the first two research questions suggest that measurable order effects do result from the presentation of the various translation memory match types. The results of the first research question (see Table 1 ) demonstrate that translators exerted more technical effort to edit segments after having translated a segment from scratch in comparison to segments following an exact match. This distinction can be attributed to two possible influences: overediting behavior following a new translation or under-editing behavior following an exact match. In the first case of possible overediting, the translators' behavior exhibited in fuzzy match segments supports previous evidence related to overediting and cognitive rhythm. Likewise, there was an increase in the amount of cognitive effort exerted by participants in fuzzy matches after translating a segment from scratch. This behavior is indicative of what Mellinger & Shreve (2016, 144) describe as "a mismatch between the previous translation stored in the TM and the participant's internal conception of what this match should be. " The analysis presented in this study corroborates these findings and also allows for the idea of cognitive dissonance to be extended potentially to the emerging target text as a whole. As the task progresses, translators appear to be influenced by previous segments and, therefore, are inclined to introduce changes based on the type of segment preceding the one in which they are currently working. This influence manifests as over-editing behavior and the results from research questions one and two are suggestive of a relationship between the preceding match type and technical effort exerted in fuzzy matches.
The second case of potential under-editing behavior is also related to the observed difference in technical and cognitive effort in fuzzy match segments; this phenomenon may be related to cognitive rhythm. The results presented in Table 1 show that translators tend to introduce fewer keystrokes and exert less cognitive effort when working with fuzzy matches if the previous segment is an exact match. Taken in conjunction with the non-statistically-significant difference in the amount of temporal effort, these results may indicate more fluid target text production and editing. The rationale for this under-editing behavior cannot be determined from the present analysis since the original data and stimuli were not designed to investigate this type of causal relationship. Nevertheless, the behavior may be the result of reliance or trust on the presented translation memory matches or could be a tendency to exert a similar amount of technical effort from previous segments. Future research explicit to this behavior would need to be conducted to provide a better understanding of this phenomenon. Moreover, future studies could examine if and to what extent professional experience or translator education and training influence translator behavior throughout the translation task.
Analysis related to the second research question examined the analogous order effects for exact match segments, depending on whether the prior segment was a new translation or a fuzzy match segment. While we would caution against the overinterpretation of non-significant results, future studies may confirm the slight tendency to overedit fuzzy matches that follow exact matches (see Table 2 ). One possible explanation of this effect is an order effect in which the translator remembers the amount of effort expended in one segment (as he or she conceptu-alizes effort), forms an opinion about the quality of the proposed TM match, and alters behavior accordingly in subsequent segments. As in the previous research question, this directional result would corroborate previous findings of Mellinger & Shreve (2016) ; however, the present research design cannot allow for a conclusive determination as to whether the observed behavior is the result of an order effect because the study was not designed explicitly for such analysis. The preliminary quantitative analysis suggests the value of such future work.
Perception of difficulty
An order effect was not found with respect to the perceived difficulty rating provided by translators. The correlation analysis and fixed-effect models indicate a strong relationship observed between ratings and technical effort indicators (i.e., keystrokes and mouseclicks) as well as cognitive effort measures (i.e., APR). Therefore, we might conclude that participants present strong biases regarding what constitutes effort by favoring technical indicators and cognitive effort over time spent on the translation task. Additional research related to the cognitive ergonomics of translation (cf. Ehrensberger-Dow 2017) would help elucidate whether this bias is the result of the stimuli, the data collection methodology, or the translation technology itself. Findings related to these biases would be of particular importance to tool designers of translation technologies; however, we limit our conclusions here based on the analysis to the establishment of a relationship between technical and cognitive effort and the provided ratings.
First impression effect
The results in Table 4 present preliminary findings of a possible first impression effect. To the best of our knowledge, no previous studies have examined the possible influence that the first sentence of a translation task might have on subsequent translation and editing behavior. However, the power of first impressions has been widely studied in areas ranging from web design (Lindgaard et al. 2006) to personality impression formation (Anderson & Hubert 1963) and, perhaps most closely aligned with translation, the rating of written language performance (e.g., Weigle 1994; Eckes 2008) . The statistical analyses presented here are suggestive of such an effect. When the first segment was a fuzzy match, the participants used the most keystrokes and provided the lowest average rating across all segments of the source text. When the first segment required a new translation, the opposite effect occurred, with the highest average rating and fewest keystrokes logged. Due to the small sample size, these results are far from definitive, but statistically significant results from a limited sample are an argument for replicative work exploring this phenomenon directly. By recognizing the possibility of first impressions having an impact on subsequently collected data, researchers may be able to examine self-reported evidence related to poor TM quality affecting the way in which they approach the translation task (cf. LeBlanc 2013; Ruokonen & Koskinen 2017).
Future research
In presenting our results, we have suggested the value of future work to examine order effects directly, and we argue that the general topic of order effects is an understudied and likely fruitful area of research. More research is needed to explicitly investigate order effects in a wide variety of areas; translation technologies is one area prime for this type of explicit work, but research involving a variety of product-and process-oriented variables could prove useful. We propose at least three topics that merit examination. The first two areas are the over-and underediting behavior that manifest even in a Latin square design that was intended to minimize such effects. The third area is the possibility of a first impression effect, in which an initial stimulus-be it a written text or oral rendition-might influence the behavior of a translator or interpreter throughout the remainder of the task. Given the well-known influence of first impressions in a range of settings, it is plausible that a measurable effect could exist.
Our results suggest a weak relationship between segment order and perception of difficulty. Therefore, further exploration of order effects related to this variable may not be fruitful. The correlational analysis, however, argues that quality ratings are related more to technical and cognitive effort than to time spent completing the translation task. Future studies could explore the implications of this relationship in translator pedagogy, evaluation, and assessment, the relationship between translators and editors, and even compensation schemes.
Finally, we note that researchers should consider the possibility of order effects when designing future studies. Appropriate experimental design through blocking and randomization are necessary to mitigate order effects, yet the resulting datasets should still be examined for possible carryover effects at a textual/ stimulus level. Not only should order effects be studied directly, but their influence on any study involving a segmented text should also be considered as a possible confounding variable.
Conclusion
Order effects have previously been considered an undesirable byproduct of experimental design in translation process research, and researchers generally strive to eliminate their influence using various techniques. However, even in studies employing appropriate blocking and randomization, the findings presented here demonstrate that there may yet be statistically significant and meaningful order effects that ought to be considered. In the case of the current study, the order resulting from the use of a translation memory and the text itself influenced translator behavior. Evidence exists that the match type of a segment can lead to translators over-and under-editing subsequent segments. This result is evident not only in segments that directly follow a specific translation memory match type, but also may be present as a first impression effect. While the latter is not conclusive, more research is needed to investigate the extent to which the initial segments in a translation task influence the remainder of the translation. In both cases, experimental and quasi-experimental research could be supplemented by retrospective verbalizations or questionnaires that probe the rationale for specific translation behavior. These research methods may allow a more comprehensive view to determine whether translators adopt a specific approach to translation tool use after having made an initial determination on the quality or ease of use of specific translation aids. The purpose of the current study is to draw attention to some of the potential issues arising from the inherent time series nature of the translation task. 
